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Abstract— India, the birth place of Ayurveda has itself lost 

the very essence of Ayurvedic principles and its holistic 

healing system. Ayurveda discusses about specific 

therapeutic treatments to improve and eliminate the various 

ailments of body and mind. It works towards eradicating the 

root cause of the diseases rather than just treating the 

symptoms. It focuses on the medicinal values of plants that 

are found in nature that will help cure the diseases. Our 

country has a rich flora diversity comprising medicinal plants 

that naïve users of today’s generation are unaware about. The 

primary objective of our paper is to provide a general 

comparison among various Machine learning techniques that 

are used for the identification of leaves, provide its medicinal 

values or recommend the medicinal plant against any 

particular symptom or ailment. 
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I. INTRODUCTION 

The plants which are around us play a major part in framing 

our ecosystem. Some gives us edible eatables either above or 

beneath the ground whereas there are a wide variety of plants 

that have found there use in Indian system of medicine called 

Ayurveda. These plants are different from the normal ones. 

In earlier days, people were good enough to identify the 

medicinal aspects of these plants in curing various diseases. 

But in today’s generation Ayurveda does not seem to be 

common. The users are unaware about the benefits that these 

medicinal plants hold. Therefore, using various technology 

like Machine Learning, Image processing, Classification, 

others a model can be implemented to recognize the leaves 

and provide its medicinal value. The aim behind using leaf 

for plant identification is because of its availability, 

accessibility and also it holds many properties that turn out to 

be useful for the identification system using Machine 

Learning. 

Machine Learning is the art of making the machine 

intelligent. It is a process by which we empower the machines 

with human capabilities like decision making, planning, 

processing and most significantly self-learning. It focuses to 

program computer to use example data or past experience to 

solve a give problem. Successful application include system 

that analyze the past data to predict future behavior, optimize 

so that the task can be completed using the minimum 

resource. The algorithms of machine learning are constructed 

in such a way as to learn and make predictions from the data 

unlike the static programming algorithms that need explicit 

human instruction [1]. There are two techniques namely 

supervised and unsupervised learning to solve various set of 

problems. Classification of data is an essential part to data 

analytics and machine learning. It is a supervised learning 

technique as it categorizes the data based on prior 

information. It is done in two phases. First, a classification 

algorithm is applied on the training data set and then the 

extracted model is validated against a labelled test data set to 

measure the model performance and accuracy [2]. 

II. LITERATURE SURVEY 

In the paper [3], Dr. Pradeep Nijalingappa and Madhumathi 

V.J have proposed the system for leaf identification based on 

the leaf features using Multiclass SVM as a classifier. They 

have considered several leaf features such as shape, vein and 

texture features. For pre-processing they have converted the 

RGB images into gray level images to improve the accuracy. 

Weinar and Median filters are used to remove the noise 

present in the picture. Feature extraction technique is then 

applied to extract the features which are later fed to as an 

input to the classifier. They have extracted the morphological 

features like the Physiological length, Physiological width, 

Diameter, Leaf Area, Leaf Perimeter, Smooth factor, Aspect 

ratio, Vein Features, etc. A feature matrix is created that is 

understandable by the classifier. A training dataset is fed to 

the classifier as its training content from the FLAVIA dataset. 

In recent years, traditional medicine has made a 

comeback for a variety of reasons like they are inexpensive, 

nontoxic and does not impact any side effect. Different kind 

of medicinal plant species are available on earth but it is very 

difficult to identify the plant. There several methods to 

recognize a plant. One of them is image processing, many 

modelled using a ridge filter and some statistical measures 

derived from the filtered image. The proposed system uses a 

combination of SURF and HOG features extracted from leaf 

images and a classification using K-NN classifier. [5]  

The images are gathered through the digital camera 

and the performance of image retrieval system is improved 

by integrating features from Images of different classes are 

subjected to pre-processing, color histogram, edge histogram 

and edge direction histogram features are extracted and 

classified using support vector machine (SVM) and radial 

basis exact fit (RBENN) neural network. The developed 

SVM and RBENN classifiers have given promising results in 

classifying plants as herbs, shrubs and leaves. [6] 

The classification is performed using BP-MLP 

neural network classifier trained and tested with selected 

single as well as combined GLCM features show improved 

classification performance compared to single features. 

Further the experiments included raw and preprocessed 

feature datasets where the preprocessing found to be helpful 

in order to improve classification accuracy. The extracted 

features are then combined and graphically tested to judge 

their suitability for the classification purpose. [7] 

Computer vision is based pattern recognition is one 

of the most immerging techniques to computerize human 

vision system. Classification on leaf image is the first choose 

for plant leaf image to a computer and a computer can take 

automatically generate features using image processing 

techniques. Plant leaf is a three-dimensional natural 

characteristic for any plant. Therefore, plant leaves are mostly 

used for identification of plant species. The taken plant leaf is 

a two-dimensional image matrix. Then, we compare it with 

the dataset available the SVM so that we can calculate the 
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shape of the leaf and the leaf image can be converted into 

binary image using threshold technique. The SVM classifier 

classifies the binary plant data given by the PCA (principle 

component analysis).[8] 

In paper [4], authors have proposed a new 

Convolutional Neural Network (CNN) -based method 

namely D-leaf method. The leaves were pre-processed and 

then feature extraction was done using three different CNN 

models namely pre-trained Alex Net, fine-tuned Alex Net and 

D-leaf. Sobel edge detection method was used to extract the 

vein architectures of all the leaf samples. D-leaf was used to 

extract the features of images rather than tuning the Alex Net. 

It comprised of 6 layers of CNN model with three 

convolution layers, three fully connected layers and a 

SoftMax classification layer developed using MATLAB. For 

Classification five different techniques were used namely, 

Artificial Neural Network (ANN), Support Vector Machine 

(SVM), K-Nearest Neighbors, Naïve Bayes and CNN. It was 

observed that ANN outperformed the other models with an 

accuracy rate of 93.26%. 

III. METHODOLOGY 

Leaf recognition system is mostly built using image 

processing techniques where the leaf is considered the main 

organ in the full plant structure [9]. Plant identification 

system is similar to that of biometric system as both are based 

on same methodology.  

This research consisted of four main steps as shown 

in Fig. 1, which are, sampling, image pre-processing, feature 

extraction and classification 

 
Fig. 1: General approach for plant classification 

A. Image Input: 

The input image is captured using camera via mobile or a 

DSLR camera. The image should be in the jpeg format. The 

captured image is not the processed one and may be of 

varying size and may also contain noise. Thus, the 

preprocessing must be carried out in order to make our image 

standard and to avoid any errors in the feature extraction. The 

raw image which is captured is shown in Fig. 2  

 
Fig. 2: Sample Raw Input Image 

B. Image Pre-Processing: 

Raw images are not appropriate for analysis purposes and 

need to be converted into the processed format, such as, jpeg, 

jpg and tiff for further analysis. It is also used to remove noise 

and outliers which are present.  

The preprocessing step shows several procedures 

that can be applied on the tested image. 

C. Image reconstruction: 

The original images with 6016 x 4016 resolution were added 

with 1000 padding at both top and bottom width into 6016 x 

6016 resolution before resizing in order to maintain the ratio 

of the leaf shape. Then, the images were resized into 1600 x 

1200 resolution to reduce the computational time. 

D. RGB to Gray Scale Conversion: 

There is different method for RGB to Gray Scale Conversion. 

The lightness method averages the most prominent and least 

prominent colors:  

(max (R, G, B) + min (R, G, B)) / 2. 

The average method simply averages the values: (R 

+ G + B) / 3. 

The luminosity method is a more sophisticated 

version of the average method. It also averages the values, but 

it forms a weighted average to account for human perception. 

The formula for luminosity is 0.21 R + 0.72 G + 0.07B. 

The tested image is converted from RGB to a gray-

scale image using following equation (1): 

(0.21 R + 0.71 G + 0.07 B) [11]                             (1)      

 
Fig. 3: RGB to Grey Scale conversion 

E. Denoising: 

Furthermore, denoising process is needed in order to remove 

the noise from the tested image. In the noise removal step 

various steps can be used which include gaussian blur [14]. 

The Gaussian distribution in 1-D is given by 

following equation (3) 

                                 (3) 

Where δ is the standard deviation of the distribution. 

F. Wavelet denoising scheme: 

Wavelet denoising scheme [16] is used for 2D image by 

incorporating neighboring coefficients in the thresholding 

process.   

Suppose B(i,j) is the set of wavelet coefficients of the 

noisy 2D signal. Let 

U2
(i,j) = B2

i,j−1 + B2
i,j + B2

i,j+1                                     [20] 

Where U2
(i,j) is resulted from summation of square 

of the coefficients that its location in the same row of the 
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coefficient that to be thresholded and (i, j) is represented the 

location of the coefficient in the contaminated image.  

If U2
(i,j)< λ2 then we set the wavelet coefficient B (i, j) to 

zero. Otherwise, we shrink it according to 

B(i,j) = B2
(i,j) − B2

(i,j)λ2/Ui,j
2   [20] 

Where λ=√2a2log(N)  [16] is called universal 

threshold, 𝜹 is the noise variance and N is number of pixels 

in the image (size of the image).  

 
Fig. 4: Blurred Image for Noise Reduction 

G. Threshold Format: 

The Gray scale tested image is converted to threshold format. 

The idea is to separate the image into two parts; the 

background and foreground. [12]  

The following are the steps which are carried out: 

1) Select initial threshold value, typically the mean 8-bit 

value of the original image. 

2) Divide the original image into two portions;  

3) Pixel values that are less than or equal to the threshold; 

background 

4) Pixel values greater than the threshold; foreground 

5) Find the average mean values of the two new images 

6) Calculate the new threshold by averaging the two means. 

7) If the difference between the previous threshold value 

and the new threshold value are below a specified limit. 

The resulted image can be achieved according to Equation (2) 

l(x, y) = {
0       if k(x, y) < λ

255   if k(x, y) ≥ λ
           (2)  

L (x, y) and k (x, y) are the intensity values of the 

gray-scale image and the resulted image, accordingly, at 

location center and represents the threshold value [14] 

 

 
Fig. 5: Threshold Format Image 

H. Feature Extraction 

Feature is the key aspect for the key aspect for the 

identification of leaf. 

Each leaf has unique features and based on its 

features it can be classified. 

In general features are classified based on shape 

[15], color and textures [14]. 

1) Shape Features: 

Different shape features can be used for leaf classification. 

These features are based on the geometry of the leaf. The 

length of the leaf is found by taking the Euclidean distance 

[15] between the two tip points on the either side long the axis 

whereas breadth corresponds to the length of minor axis 

2) Aspect Ratio: 

Aspect Ratio is calculated using the length and breadth. 

Aspect ratio can be defined as ratio between length and 

breadth. It is given in (4) 

Aspect Ratio =
Length of leaf 

Breadth of leaf
                                (4) 

3) Area: 

 It is the total area of the leaf. The area is calculated [10] by 

initially fining the area of one pixel as in (5) 

Area =Area of pixel * Total no: of pixels present in a leaf (5) 

4) Perimeter:  

Perimeter of the leaf is counting the total number of pixels 

which lie in the leaf margin [16] 

5) Rectangularity:  

Rectangularity is the measure of how the character 

approaches to rectangle or it can be defined as the similarity 

between character and rectangle.[17] 

It is given in equation (6)  

Rectangularity =
L×W

A
                                                    (6) 

Where L is length, W is width and A is the area of 

the leaf. 

I. Color features:  

Color moments are used for classification [18]. First and 

second order moments are used here. 

Moment 1: Moment 1 is called as mean. It is average 

value of a color in leaf. It is given by (7) 

Mean(μ) = ∑
1

N
N

J=1

Pi,j                                                 (7) 

Moment 2: It is called Standard Deviation. The 

standard deviation is the square root of the  

variance of the distribution. It is calculated using (8) 

std. devn(δ) = √
1

N
Σ(Pij − Ei)

2                             (8) 

J. Classification: 

Classification is the last step for plant recognition system. In 

this step an algorithm is created and is trained using the 

training data, which is then tested for another sample. 

Various Machine learning methods are used plant 

identification such as Artificial Neural Network (ANN), 

Support Vector Machine (SVM), CNN. Different algorithm 

gives different accuracy and precision. Depending on the best 

outcome the model is selected. 

K. Support Vector Machines (SVM) 

A supervised machine learning approach, is conceded as one 

of the powerful classification methods due to its high 

capability in dealing with high dimensional space and data 

points which are not linearly separated [19]. An SVM is a 

discriminative classifier which formally defined by a 

separating hyperplane. In other words, given labeled 

https://en.wikipedia.org/wiki/Thresholding_(image_processing)#cite_note-2
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supervised learning (training data), the algorithm outputs of 

an optimal hyperplane which categorizes a new example [21]. 

In paper [21] the experiment was carried out on the 

data which consisted around 660 observations for 22 species 

of Flavia Dataset and each observation has 15 features. The 

overall accuracy of the system using the SVM model was 

found out to be 85 to 87%. 

L. Artificial Neural Network (ANN): 

Neural Network have been the most proficient classifier and 

are used to address non-linear problem [23] 

In paper [23] a 1-hidden layer feed forward network 

with 10 hidden layers was created. Initially ANN was trained 

with 20 features. The algorithm was tested and accuracy was 

found to be 94.4%. The computation time was found to be 65. 

3699s.The network was re-trained with new set of input 

values. It was observed that some features were prominent 

and played a vital role in classification. The maximum 

efficiency obtained was 94.4% with minimum of 8 

combination of input image features. 

M. Convolutional Neural Network (CNN) 

CNN is considered to be a type of multilayer perceptron since 

it uses more than one layer of perceptron to learn about the 

features of an image. The input gets fed into the convolution 

layer which has its output passed into the pooling layer that 

has its output fed into a fully connected layer, and finally the 

output of that layer is fed into a SoftMax classifier to obtain 

the classification. In paper [4] the experiment was carried out 

on flavia dataset. It was found that CNN classifier had the 

worst performance of 79.03 %. Thus, it can be concluded that 

CNN is favorable feature extraction method rather than a 

classification method. 

IV. EXPERIMENTATIONS AND RESULTS 

The dataset is created for 15 different types of Indian 

Medicinal leaves which includes neem, hibiscus, eucalyptus, 

curry leaves etc. The dataset includes 17 different features 

based on the texture, color, shape and total 750 different 

samples were captured with 50 samples of each type of leaf.  

The Image is first capture and is resized. The resized image 

is then pre-processed to remove the noise and to eliminate any 

background obstacle in the image. 

The Pre-processed image is then used for feature 

extraction. The shape, color and texture-based feature are 

extracted and is stored in the database. The stored data is then 

labeled for classification. 

Once the dataset is created, it is split in the ratio of 

7:3. The 70 % of the data is given for training and the 

remaining 30 % of the data is given for testing. 

For experimentation we have used different 

classification model like SVM and CNN. Both the models 

were trained and tested with their accuracy and precision 

shown in the fig .6 

 Accuracy Precision 

SVM 90.30% 89.13% 

CNN 93.58 91.68 

Fig. 6: Test Result for SVM and CNN 

V. CONCLUSION 

In this work we have created a Dataset for Indian medicinal 

leaves based on their features extracted. The aim was to 

identify the leaves based on the features extracted. Here of 17 

features were taken initially with 750 total samples. The 

extracted features were stored in the dataset. Finally, we used 

this dataset to carry out experimentation with CNN and SVM 

classification approach. In practical part the above two 

classification algorithm showed its superior performance in 

leaf recognition. It was found that CNN showed more 

accuracy and precision as compared to the SVM. Our Future 

work is to form a database with all Indian medicinal leaves. 
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